In cetaceans almost all the energy reserves in lipid form are allocated to blubber and are related to basal metabolism and thermal insulation. Our study analyzed the blubber of 57 specimens of franciscana (Pontoporia blainvillei) from the state of Rio Grande do Sul, Brazil. Body fat condition was estimated through blubber weight, girth, and thickness of blubber. Blubber weight increased along with growth, from 2.27 kg in calves to 8.86 kg in mature franciscanas. Blubber weight decreased from 33.91% of total weight in calves to 24.32% in mature franciscanas. A significant difference was found when age classes were compared to each other (P , 0.001) for both males and females, indicating that blubber varied according to growth, independent of sex. Girth showed a good correlation with blubber weight at all 6 locations where it was measured, and thickness of blubber presented a low correlation at all 19 locations where it was measured. Calves face the physiologic problems of low surface to volume ratio, whereas adults expend energy in feeding, reproduction, and taking care of calves.
In mammals, condition of body fat is commonly considered a general measure of the energy reserves of an individual (Hanks 1981) . In cetaceans, most of these reserves are stored in the blubber layer (Yasui and Gaskin 1986) , which is the most important energy storage site in this group (Aguilar and Borrell 1990; Pond 1978; Read 1990 ). The measurement of this layer is a major tool for comparative analysis of how animals of different sexes, ontogenetic stages, and stages of sexual maturity use their energy reserves throughout the year. These reserves may vary interannually, depending on environmental conditions and food supply (Lockyer 1987) . Body fat condition may be considered a representation of variation in energy reserves in the form of fat, an index of physiological condition of an individual, and an indicator of the relationship of an individual with the environment (Hanks 1981) .
Energy reserves in the form of fat are required by cetaceans, not only to maintain their internal temperature, but also as an energy buffer during reproduction, for insulation, and to improve body hydrodynamics (Ryg et al. 1988) . Furthermore, the fat mobilized for the production of cetacean milk, characteristically rich in lipids, comes from a layer of blubber (Oftedal 1997; Rosas and Lehti 1996) .
Studies of body fat condition in cetaceans have concentrated primarily on baleen whales because of the large amount of data obtained during commercial whaling (e.g., Balaenoptera physalus, B. borealis, and Megaptera novaeangliae- Ackman et al. 1975; Aguilar and Borrell 1990; Lockyer 1987) , and some toothed cetaceans (Odontoceti), such as the harbor porpoise (Phocoena phocoena- Kastelein et al. 1995; Koopman 1998; Lockyer 1995; Read 1990 ) and the sperm whale (Physeter catodon- Evans et al. 2003) . There is no information about these reserves for cetaceans in the southwestern Atlantic Ocean.
The franciscana, Pontoporia blainvillei (Gervais and d 'Orbigny, 1844) , is a small dolphin endemic in waters of the southwestern Atlantic Ocean. The distribution of this species ranges, although not continuously, from Itaùnas (188259S, 308429W), southeastern Brazil (Siciliano et al. 2002) , to Golfo Nuevo (428359S, 648489W), central Argentina (Crespo et al. 1998) . It has a coastal distribution and occurs mainly up to a depth of 30 m and 25 nautical miles off the coast. Fishing activity in this region is one of the main factors influencing the conservation of this species (Praderi et al. 1989; Secchi et al. 1998 Secchi et al. , 2003 . Previous studies presented data on the weight of the blubber of franciscanas collected in Uruguay between 1972 and 1973 (Kamiya and Yamasaki 1974 without discussing the relationship between this layer and other variables for this species, but the relative index of body condition (Kn) was evaluated for animals from Argentina (Rodríguez et al. 2002) .
The objectives of our study were to estimate body fat condition of franciscanas from Rio Grande do Sul, southern Brazil, through measurements of blubber weight, body girth, and thickness of the blubber, as well as to obtain data on the relationship between blubber and sex, body size, and reproductive stages.
MATERIALS AND METHODS
We analyzed 57 franciscanas that were incidentally captured in gill nets during commercial fishery activities by boats from Torres (298199S, 498439W) and Tramandaí-Imbé (298589S, 508079W). Because of the nature of the fishery operations, we usually could secure carcasses only about 24 h after the dolphin's death. When necropsy could not be performed immediately, the animals were frozen for later analysis.
Measurements.-The measures used in our study were intended to establish the condition of the fat layer directly (weight of the blubber layer) or indirectly (girth and thickness of the blubber layer). Total length (TL) was obtained from the tip of the jaw to the notch between the tail flukes. Total weight (TW) and blubber weight (BW) also were recorded, making it possible to estimate the percentage of blubber in relation to the total weight of an individual (BW%). The blubber layer was stripped off the carcasses from the auditory meatus to the caudal peduncle, including the dorsal fin and excluding the head region, tail flukes, and pectoral flippers, and weighed.
We established landmarks along the body of each franciscana to standardize measurements of girth. Seven girths were defined, namely: G1-anterior to pectoral flipper; G2-posterior to pectoral flipper; G3-region between G2 and G4; G4-anterior to dorsal fin; G5-umbilical region; G6-posterior to dorsal fin; and G7-anal region. Thickness of blubber was measured from the epidermis to the blubbermuscle interface at each girth in dorsal (d), lateral (m), and ventral (v) locations, always on the left side of the animal, for a total of 19 measurements (all 3 locations were not measured at each girth).
Definition of the physiological classes.-Cluster analysis was performed with morphometric data (TL, TW, BW, and BW%) and compared with gonadal information (Danilewicz 2003; Danilewicz et al. 2004 ) to group animals with the same physiological blubber profile. In our opinion, this method would provide more information than using the classic gonadal classification exclusively.
Females with at least 1 corpus luteum or corpus albicans in 1 ovary, denoting past ovulation, were classified as sexually mature. Females were considered as lactating if milk was detected in the mammary glands, and the presence of a fetus in the uterus was used as a criterion of pregnancy. Males were considered mature when seminiferous tubules contained spermatogonia, spermatocytes, spermatids, or spermatozoa; interstitial tissue was almost non-existent between the seminiferous tubules; and the lumen was totally opened.
Pregnant females were pooled with the other mature females for analyses because no statistical differences in blubber measurements were found between these categories. On the other hand, the single lactating female was excluded from this group because milk production and care of the calf are considered to cause an extremely high output of lipid energy from blubber reserves of marine mammals.
Statistical analysis.-Cluster analysis with log(e)-transformed data and minimum variance ( Fig. 1 ) was performed as an exploratory way to represent how each measurement influenced blubber. One-way analyses of variance (ANOVAs) and Student's t-tests with Tukey's honestly significant difference procedures were used to determine differences between sexes and classes for each measurement. Blubber growth and its relationship with the variables measured were evaluated by linear regressions. Statistical analyses were performed using Jandel SigmaStat 3.1 (Jandel Corporation, San Rafael, California) and MVSP version 3.13 (Kovach Computing Services, Anglesey, Wales) programs. Significant differences were accepted when P , 0.05.
RESULTS
Our cluster analysis grouped males and females as newborns (TL from 70 to 81 cm), calves (between 82.0 and 105.5 cm), and immatures (between 107.5 and 127.5-137.5 cm, depending on the sex; Fig. 1 ). Males were considered mature at 128.0 cm or larger, and females at 138.0 cm or larger, the length of the smallest mature animal found in each sex. Four of 57 franciscanas analyzed were considered newborns (3 males and 1 female), 15 were calves (10 males and 5 females), 22 were immatures (15 males and 7 females), 10 were matures (5 males and 5 females), and 1 was a lactating female. Means of TL, TW, BW, and BW%, with respective standard deviations and sample sizes, are shown in Table 1 .
Females had higher mean values of TL, TW, BW, and BW% than males. Only means of BW% of newborns (32.74% 6 0.65%; n ¼ 3) and TL of calves (96.17 6 5.46 cm; n ¼ 10) were higher in males than in females.
Blubber weight.-A high variation in blubber measurements was found, reflecting individual body fat condition according to the life history of each animal. Sexual differences were not found in BW using Student's t-test among calves (P ¼ 0.364) and immature (P ¼ 0.218) franciscanas. However, mature animals presented a significant sexual dimorphism in this measure (P ¼ 0.020). When BW was compared using 1-way ANOVA among age classes separately in males and females, male calves differed from immature and mature franciscanas (F ¼ 9.640, d.f. ¼ 33, P , 0.001), but immature franciscanas did not differ from mature individuals (F ¼ 9.640, d.f. ¼ 33, P . 0.05). Mature females differed from immature franciscanas and calves (F ¼ 13.666, d.f. ¼ 18, P , 0.001), but calves did not differ from immature individuals (F ¼ 13.666, d.f. ¼ 18, P . 0.05). Newborns could only be compared to other classes with both sexes pooled because of the small sample. This analysis showed statistically significant differences among all classes (F ¼ 32.358, d.f. ¼ 56, P , 0.001), reinforcing results of the cluster analysis. As expected, BW of franciscanas increased along with growth of the individual (Fig. 2) , showing a positive exponential correlation with TL (r ¼ 0.89).
Blubber as a percentage of body weight (BW%).-The BW% differed significantly only between newborn and mature franciscanas (F ¼ 9.263, d.f. ¼ 55, P , 0.001) when both sexes were pooled. One-way ANOVA of BW% among age classes of males detected a significant difference (F ¼ 12.322, d.f. ¼ 32, P , 0.001) between calves and both immature and mature franciscanas. Mature and immature male franciscanas did not differ from each other (F ¼ 12.322, d.f. ¼ 32, P . 0.05). In females, however, only mature franciscanas were significantly different from calves and immature individuals (F ¼ 11.169, d.f. ¼ 18, P , 0.001). Male and female calves (P ¼ 0.365) and immature males and females (P ¼ 0.574) did not differ in BW%, but mature males and females were significantly different (P ¼ 0.015) using Student's t-test.
The BW% was negatively correlated with TL (Fig. 3) . BW% percentage was higher in newborns and calves, decreasing with growth in franciscanas (r ¼ 0.65). This can be observed by comparing means of BW% from newborn to mature individuals (Table 1) .
Girth.-The anterior girths (G1, G2, G3, and G4) showed a high correlation with the weight of the blubber layer both for females and males, allowing their use to evaluate the condition of the fat layer in these animals ( Table 2 ). The posterior girths showed a slightly lower correlation between girth and BW than did girths near the anterior part of individuals, probably because of the difficulty in performing measurements because of the shape of the caudal peduncle. All correlations were exponential, with the exception of linear correlations at G3 and G6 in females. The girth with the highest correlation with BW in both males and females was G3, with r ¼ 0.95 and 0.98, respectively.
Relationship of blubber thickness to BW.-The thickness of the blubber layer differed throughout the body length of franciscanas (Table 3) , with a great variation at each location analyzed. Girths G1, G2, G3, and G4, located in an anterior position in relation to the body of the animal, showed a uniform deposition in the dorsal, lateral, and ventral regions. Girth G2 showed the lowest mean thickness among these girths (d2 ¼ 19.52 mm; m2 ¼ 17.64 mm; v2 ¼ 22.99 mm). The posterior girths G6 and G7 presented a different deposition of the blubber layer compared to the anterior ones, being thicker in The smallest mean thickness was found in the lateral thickness of G7 ( X ¼ 16.10 mm, SD ¼ 4.68 mm; n ¼ 54), in the caudal peduncle, whereas the largest mean was 41.52 mm (SD ¼ 9.77 mm, n ¼ 37) in the dorsal region of G6. Blubber thickness did not prove to be a good indicator of BW, because it had very low correlation coefficients for all 19 locations measured (Table 3) .
DISCUSSION
Cluster analysis distinguished newborns from the other classes identified in our study in terms of characteristics of their blubber layer. This separation is probably due to the fact that newborns have not yet ingested sufficient milk to increase their energy reserves (as defined by Hanks 1981) in the form of BW, as observed in the calves. Franciscanas show reversed sexual dimorphism (i.e., females larger than males -Brownell 1984) , thus females showed the highest means of TL, TW, BW, and BW% in most of the comparisons performed. Franciscanas caught accidentally from the estuary of the La Plata River, Argentina, were classified by stomach contents (Rodríguez et al. 2002) . These animals were classified as suckling calves, individuals with only traces of milk found in the stomach, which ranged from 56.8 (probably a premature calf according to Downhower and Blumer [1988] ) to 76.5 cm in length with a weight range of 2.9-8.7 kg; transition calves, individuals that had milk and solid food items mixed in the stomach with lengths ranging from 78.0 to 94.0 cm and 8.3 to 11.5 kg total weight; weaned calves, individuals with only solid prey in the stomach and total length 105 cm (Kasuya and Brownell 1979) ; and juveniles and adults, individuals older than 1 year. The cluster analysis performed in our study included in the same group the categories of transition and weaning calves, indicating that individuals in these categories are not physiologically different.
As expected, BW of franciscanas increased as the individual grew, illustrated by the relationship to TL (r ¼ 0.89), in both males and females from Rio Grande do Sul. Fourteen Uruguayan franciscanas were analyzed by Kamiya and Yamasaki (1974) , and we were able to evaluate 13 of these individuals (TL ¼ 84.5-171.0 cm, n ¼ 6 males and 7 females) for a relationship between growth and weight of the blubber layer. The Uruguayan animals showed a slightly higher correlation (r ¼ 0.97) between TL and BW than the franciscanas from Rio Grande do Sul. Unfortunately, Kamiya and Yamasaki (1974) did not describe the methodology used to weigh the fat layers, specifying the limiting points or inclusion of dorsal fins, for instance, rendering it impossible to make a direct comparison between our data and that of Kamiya and Yamasaki (1974) . It should be stressed that the franciscanas from Rio Grande do Sul and Uruguay are part of the same population, as observed by Secchi et al. (2003) .
Among males, the calves differed from immature and mature franciscanas in BW, but mature and immature males did not differ. A mature male also was included among the immature individuals in our cluster analysis (GEMARSO169; Fig. 1 ). BW% of mature male franciscanas differed from that of calves and immature individuals. These results indicate that the animals will probably become mature based on hormonal factors or other physiological factors, and not as a consequence of body fat condition. Maturity of male franciscanas occurs from 3.0 to 3.6 years of age, 128.2 cm total length, and 26.4 kg total weight onwards (Danilewicz et al. 2004) .
Mature female franciscanas differed from calves and immature individuals in the BW and BW%. Females that are reproductively mature increase their fat reserves from 66% to 188% compared to immature females (Gittleman and Thompson 1988) . This larger energy reserve influences ovulation, pregnancy rates, and fetal growth, as observed in fin whales (B. physalus-Aguilar and Borrell 1990). Although pregnant females accumulate fat throughout pregnancy, milk production and the initial care of their young result in greater energy expenditure among cetaceans, and consequently in reduction of fat reserves (Oftedal 1997; Read 1990; Rosas and Lehti 1996) . Thus, it is expected that mature females will have a greater weight of adipose tissue than immature females, even if this may not be true in terms of percentage of total body weight.
The only lactating female in our sample had the lowest BW% among mature and immature females (23.62%), and was similar in BW% to that found for mature males, suggesting that the use of blubber for milk production may influence this layer. For this reason, we did not include the lactating female in the class of mature individuals for comparison. The need of a sufficient energy reserve for the reproductive period, as well as groupings formed in our cluster analysis, suggest that body fat condition can be one of the factors determining sexual maturity of female franciscanas, which occurs between 2 and 5 years of age ( X ¼ 3.7 6 0.36 years), 138.9 cm TL (SD ¼ 3.14 cm), and 32.8 kg body weight (SD ¼ 1.48 kg -Danilewicz 2003) .
Mature males and females differed from newborns and calves in BW and BW%. Despite the low means for BW, the BW% of newborns and calves was higher than that observed in mature individuals, varying from approximately one-third of body weight to one-fourth of body weight in larger individuals. This negative correlation with TL of the franciscana is probably associated with the markedly different energy needs in each of these growth stages. Newborns and calves expend most of their energy to grow and maintain their body temperature because of their low surface to volume ratio, whereas mature individuals use their reserves mainly during reproduction and feeding (Lockyer 1995; Read 1990) . Lactating female northern elephant seals (Mirounga angustirostris) expend approximately 41% of their energy on maintaining basal metabolism and 59% for production of milk to feed their calves, whereas calves use approximately 19% of their lipid reserve for metabolism and 82% is stocked in their fat layer (Costa et al. 1983 ). Calves need a greater amount of energy to increase their chance of survival, forming a temporary energy buffer and preparing them for the nutritional stress related to weaning and consuming solid foods (Lockyer 1995) .
Estimation of body fat condition.-Girth proved to be a good indirect tool to estimate body fat condition in P. blainvillei, because it was correlated with the weight of the blubber layer. The anterior girths showed a higher correlation with weight of the blubber layer, especially G3, both for females and males. An evaluation of girths as a measure of body condition was also performed by Read (1990) and Lockyer (1995) for the harbor porpoise (P. phocoena). In these studies, girth was correlated with total body size but not with the fat layer, and only the girth equivalent to G4 in our study was analyzed. None of these studies used girth measured between the pectoral and dorsal fin (G3), which showed a higher correlation to blubber weight than did G4 in our study. The beginning of the dorsal fin in franciscanas is not clearly visible, which makes its measurement less precise, resulting in greater sampling error at this girth.
On the other hand, blubber thickness was not strongly correlated with the weight of the fat layer, with a very low correlation coefficient for all 19 locations measured (r ¼ 0.02-0.55, with most correlation coefficients being ,0.35). Examination of these data corroborates the low correlations found by other authors such as Read (1990) , Lockyer (1995) , and Koopman (1998) for thickness and weight of the blubber layer in harbor porpoises. The measures of thickness were relatively uniformly distributed in girths G1, G2, G3, and G4, but not in girths G6 and G7. In cetaceans, the thicknesses of anterior girths have a greater energy reserve function, whereas in the caudal peduncle the fat is associated with a large amount of collagen fibers that have the function of maintaining the shape of the peduncle (Pabst et al. 1999) . However, no correlation of thickness with BW, TL, or girth was found in linear regressions.
According to Lockyer (1995) , to measure body condition it is preferable to measure blubber thickness in regions where there is greater variation, thus reflecting the locations with the greatest fat mobilization. In P. blainvillei, this location corresponded to region d1 ( X ¼ 21.93 mm, SD ¼ 7.09 mm). Measures d4 and d6, which had the largest standard deviations, were not considered because of the proximity of the dorsal fin. Because this fin does not have a well-defined beginning and end, variation in measurements may be greater in these regions because of lack of a clear reference point, and not reflect variation of the lipid stock at times of fasting or fattening. Koopman (1998) found a good indication of body condition in P. phocoena at the d2, d4, and m4 locations.
Because of the differences found between the classes established in this study, we recommend that studies related to physiology follow classification methodologies that take into account both physiological variables and sexual maturity and growth, thus representing a more realistic approximation of the life history of these animals.
